In this paper a maximum power point hacking (MPPT) system based on the single ended primary inductor converter (SEPIC) and hill-climbimg approach is introduced. 'SEPIC converter is a comprehensive buck-boost converter and has minimum ripple content in the input current that suitable for PV application. The proposed MPPT system is designed and components of SEPIC converter are sized and selected. The conholler is so fast and no fluctuation around the MPP is introduced. A current and voltage of the PV array are sensed and a pulse width modulation (PWM) signal is produced from the controller to conhol the duty ratio of the converter. The simulation results show that three tests are carried out on the system; a suddenly insolation level increasing, decreasing, and load resistance variation. The controller establishes robustness for all the three cases and the maximum power available fiom the PV array are transferred to the load irrespective of load or environmental condition variations.
INTRODUCTION
As the oil prices increase in these days and the fossil fuel are dwindling fast, the photovoltaic (PV) energy offers an alternative source of energy. It is clean, free, renewable, abundant, and distributed throughout the earth; the only drawback is that the initial installation cost is considerably high [l]. The maximum power point hacking (MPPT) of a photovoltaic array is usually an essential part of the PV system [2] . The maximum power point tracking is applied to PV systems in order to match the solar array output with the given load extracting the maximum available power from the PV system under all mehological and operating conditions. Different maximum power tracking schemes have been proposed by using different control strategies [I-131. As such, many MPPT methods have been developed and implemented. The methods vary in complexity, sensors required, convergence speed, cost, range of effectiveness, implementation hardware, popularity, and in other respects [2].
2. PV SYSTEM PERFORMANCE The photovoltaic system characteristic curves are a family of non linear curves. These curves are a relation between current and voltage (I-V) , and between power and voltage (P-V) curves. These curves are depends on sun light insolation level and the cell temperature.
PV System Model
The PV solar cells are,basically p-n junctions. In the dark, their (I-V) characteristic is similar to that of a diode. The model (Figure 1) includes an ideal diode, and ohmic losses series resistance [14] . Light creates inside the junction elechon-hole pairs. The effect of these carriers corresponds to an additional current source (IL) proportional s is the sun light insolation level = 0: 1 Fig. 1 The PV solar cell model.
PV System Characteristics
Equation (3) can he simulated with varying sun insolation levels and cell temperature to produce a family of I-V and P-V characteristics curves as shown in Figure 2 .
Load Characteristics and Problem Definition
The load on the PV solar cell generator may he a dynamic or a static load. A dynamic load has varying characteristics all over the operating range, whereas the static load has stable characteristics allover operating range. A resistive load is static and linear characteristics allover the operating range. If the load line intersects the PV characteristic curve at the maximum power point, so the matching is 100% between the load and the PV generator. But with varyhg operating conditions such that varying insolation level or temperature, or varying load resistance, the matching no longer exists. So we need to transfer the load resistance to another value to he seen &om the PV generator side as 100% matching at all operating conditions. Maximum power transfkr theory stated the condition of maximum power delivered to the load, when the source internal impedance matches the load impedance. Thus, the resistance seen from the PV side of the converter needs to match the load resistance. By transferring the load resistance from load side of the converter to the PV side with a varying transformation ratio (D), the matching can be occurred. Figure 3 shows a family of I-V curves of the PV array and one 1oad:resistance curve in the I-V plane. The mismatching between the MPP line of the array and the load line is obvious because'the two lines are not corresponding to each other. The matching occurs only at the intersection point of the two lines. Using a buck-boost DCDC converter with varying duty ratio D, a fully matching between the PV array and the load can be obtained.
DCDC CONVERTER TOPOLOGY
The DCDC converter may be buck, boost, or buckboost converter. A converter is required in the PV application for matching between the PV output voltage and the load voltage requirements. In this work a buck-boost converter is used for matching the PV output with the load input voltage for maximum power point tracking.
The buck-boost converters allow the output voltage to he greater or lower than the input voltage based on the switch duty ratio D. There are many configuration of the buck-boost converter as CUK converter where the output voltage has inverted polarity to the input voltage. Also a single ended primary inductor converter (SEPIC) topologies where the output voltage has the same polarity as the input voltage.
The SEPIC converter is used in certain applications where the current drawn fiom the input is required to be relatively ripple-free [15-161. A SEPIC converter has become popular in recent years in batterypowered systems that must step up or down depending upon the charge level of the battery [17] . In PV maximum power point tracking systems it must operate at certain point on the I-V curve without fluctuations around it to assure extraction of the maximum power fiom it. So that SEPIC converter topology is most appropriate in MPPT systems to operate at steady and ripple free current and voltage from the PV array. 
SEPIC Converter Principles
For an ideal converter, the current ratio is 
PROPOSED SYSTEM OVERVIEW
The proposed MPPT circuit is composed of a PV system, resistive load, SEPIC converter, microcontroller system, transistor driving circuit, and measuring and monitoring system. The system block diagram is shown in Figure 5 . 
The System Design
The system design includes determining the load requirements, then PV array size, converter parameter design, and software development.
Load requirements
The load is assumed to be a resistive load of the following data: RL =6 R , pL =0:80w . The load must absorb the maximum available power from the PV system at all operating conditions. Figure 4 uses,two inductors, L, and L. The two inductors can be wound on the same core since the same voltages are applied to them throughout the switching cycle. Using a coupled inductor takes up less space on the printed circuit board (PCB) and tends to be lower cost than two separate inductors. The capacitor C, isolates the input from the output and provides protection against a shorted load. 4.1.3.1. Duty cycle calculation Assume operating range of the PV array is between 20% and 100% insolation levels, then the maximum power of the array is between 14.28W and 75 W. the MPP current is between 0.888 A and 4.44 A. From (Eq. 4 to Eq.16):
PV system selection

Inductor selection
The inductors L, and L2 sizing are dependent on the switching frequency and the allowable current ripples. In MPPT systems, the stable operating point is required to minimize the oscillation around the maximum power poiit and losses occurs. So, the current ripple margin in the inductor must be as small as possible. It is assumed to be 2% of the input current. If the two coils are wound on the same core, the value of the inductance in next equation (17) (17) L sw L -L -l6 '0.557 = 0.495mH 1 -2-2*0.09*100*10'
The switching frequency fw is assumed to be 100 kHz. Adding a design margin of 20% the peak inductor current is: 
MOSFET transistor selection
At the ON state the transistor carries the two inductor currents. So the peak transistor current is:
The RMS current of the MOSFET is:
The power dissipation in the tiansistor is the conduction losses plus the gate drive losses. The conduction loss, PCON~, is the 12R loss across the MOSFET. The maximum conduction loss is given by:
The gate drive losses of the MOSFET are given by the gate current 'G and the gate drive voltage vDR as:
P~~v e = I G~ 'DR (23) The amount of gate current required to turn the MOSFET on can be calculated using the formula [21] :
IG =QGxfsw (24)
A transistor IRFP460 is selected where
The transistor's peak reverse voltage is :
Power diode selection
The diode D carries the same current in the main switch Q. It must also withstand the maximum reverse voltage on it.
Input capacitor selection
Hence, the input current waveform is continuous and triangular. The inductor ensures that the input capacitor sees fairly low ripple currents. The RMS current in the input capacitor is given by [18]:
Although the input capacitor is not so critical in SEPIC application, a 10 pF or higher value, good quality capacitor would prevent impedance interactions with the input supply.
Tracking Controller
The proposed control algorithm is based on the hill climbing method. At varying insolation level, the changing in the amy voltage at maximum power is so small, whereas large range is available in the may current or array power. So that taking the array current as a reference is clear and more accurate than depending on the array voltage. Also in the ascending or descending modes of insolation level a care is taken when transferring kom curve to another in determining the starting point at the new curve of the new insolation level to realize the convergence.
Program Flowchart
The program begins with initial value of the duty cycle @) equals 0. Yousry Atia, 'Photovoltaic Maximum Power Point Tracking Using s~P I C Converter" output power to increase or decrease the reference current of the module to calculate the newer duty cycle @). The program generates the PWM signal that applied to the converter and repeats the cycle. A saturation limiter is used to limit the duty cycle from minimum to maximum allowable values.
comvrler Fig. 6 Flowchart of the MPPT algorithm
SIMULATION RESULTS
Simulation results include testing on suddenly changing of the environmental conditions as solar insolation and /or temperature, and the load resistance changing. At all these conditions the system must track the maximum power generated from the PV array. So we can see from figures blow that the power extracted fmm the PV module is fixed at maximum available power if the environmental conditions or load are changed. Also with varying insolation level, the current and voltage of the PV module are adopted to extract the maximum power.
Changing in Insolation Results
To test the controller performance a changing may increase or decrease the insolation level. To test the insolation level increasing, it is suddenly changed from 60% to 80% then to 100% insolation level. Also, to test the insolation level decreasing case, insolation is suddenly changed in reverse order. The movement from starting point 0 to maximum power point 1 at 60% insolation level curve. Then if the insolation level is increased from 60% to 80%, then loo%, the controller moves towards point 2 then point 3 that represent the maximum power point on their curves. Fig. 7 Controller performance at I-V plane for increasing jnsolation level. Figure 9 shows the power extracted from the PV module is increased to its maximum value. It is shown that as the insolation increased the duty ratio increased to increase the input current and input power that corresponds the maximum power point. Figures 10 and 11 indicate the performance of the controller to follow up the insolation changing in decreasing case. Figure 10 shows the performance applying on I-V curves of the PV module, whereas figure 11 shows performance on P-V curves. Point 0 is the starting point on 100% insolation curve, the operating point moves towards point 1 (MPP on the curve). The insolation level is step changed to 80% then to 60%. The controller moves the operating point to point 2, then to point 3 that represent the maximum power points on the corresponding curves. Figure 13 shows the effect of insolation level variation on duty ratio @) and the effects of this variation on the input load resistance while the load resistance is fixed. The PWM control signal (Vc) is shown in Figure 14 at variable insolation level. At 100% insolation level the duty ratio is at its maximum value (0.557) as expected in the analysis section. 
Increasing the insolation level
Decreasing the insolation level
Changing in Load Results
Another test for the proposed MPPT system operation is the load resistance variation as shown in Figure 15 . As the load varies, the duty ratio must be varied to match the load resistance with the PV module output, consequently the output voltage and current vary. The input voltage, current and power are persist at maximum power point 6. CONCLUSIONS A novel MPPT for standalone PV system is proposed and simulated in !his work. The PV system model and characteristics is introduced and the problem of mismatchmg is advised and explained. A proposed control algorithm is simulated and applied to a SEPIC converter to extract the maximum power from the PV array regardless of the load or environmental conditions. The converter is designed according the load requirements. The simulation results are divided into three sections; increasing, decreasing of the insolation level, and load resistance variations. In all of the three cases, the controller proven that it is excellent in tracking and extracting the maximum power from the PV array irrespective of the surrounding conditions or load variations. ..
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